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Abstract

Objective  In recent years, an increasing number of women diagnosed with malignant or non-malignant diseases have been subjected to cytotoxic chemoradiotherapy. Women who
face the possibility of premature ovarian failure caused by cytotoxic therapy may retain their fertility potential via ovarian tissue cryopreservation. Despite its advantages,
this fertility preservation method for women at risk of losing reproductive function is considered experimental due to 1) a possible decrease in the ovarian follicular pool

as a result of cryopreservation and thawing procedures (although this has been minimised by improved methods), or by ischemic damage occurring in the graft during
ovarian transplantation; and 2) the risk of minimal residual disease for cancer patients which can be defined as reintroducing pre-existing cancer cells in ovarian tissue
before cryopreservation. Although the indications for ovarian cryopreservation now extend beyond cancer, cancer survivors remain as the patient population who most
commonly need this procedure. For these patients, the risk of minimal residual disease is an important challenge for the application of this method. Even though the risk of
reimplanting pre-existing cancer cells through ovarian transplantation is minimal or non-existent for most types of cancer, this risk must be ascertained according to cancer
type and disease stage. Moreover, the efficacy of ovarian tissue transplantation is determined by the degree of success in minimising follicular loss. For this purpose, many

experiments aim to reduce ischemic damage in transplanted ovarian grafts, and to determine the best methods/protocols for human ovarian cryopreservation, comparing

‘slow freezing’ and ‘vitrification. ( Sakarya Med ] 2019, 9(1):1-10)
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Amag  Son yillarda malign veya malign olmayan hastalik teshisi alan artan sayida kadin hasta sitotoksik kemoradyoterapiye maruz kalmstir. Sitotoksik tedavinin neden oldugu erken ovaryan
yetmezlik olasiligina maruz kalan kadmlar, ovaryum dokusunun dondurularak korunmast yoluyla dogurganlik potansiyellerini koruyabilirler. Avantajlarina ragmen, iireme fonksiyonunu
kaybetme riski tasiyan kadinlarda bu fertilite koruma yontemi heniiz deneysel kabul edilmektedir. Bunun en 6nemli iki nedeni; 1) Ovaryan folikiiler havuzda bir azalma durumu: Gelistirilmis
yontemler ile en aza indirilmis olmasina ragmen kriyoprezervasyon ve ¢oziilme prosediirlerinin bir sonucu olarak ve ovaryan transpl d dana gelen iskemik hasar nedeni
ile goriilmektedir. 2) Minimal rezidiiel hastalik riski: Kanser hastalart igin ovaryum dokusunda dondurma oncesi var olan kanser hiicrelerinin ovaryum transplantasyonu yoluyla tekrar
hastaya verilme riski olarak tanimlanabilir. Her ne kadar ovaryan kriyoprezervasyon endikasyonlart kanserin dtesine gegse de, kanserden kurtulanlar bu isleme en ¢ok ihtiyag duyan hasta
popiilasyonudur. Bu hastalar icin minimal rezidiiel hastalik riski, bu yontemin uygulanmasinda énemli bir skintidir. Onceden var olan kanser hiicrelerinin yeniden yerlestirilme riski cogu
kanser tipinde olmasa ya da minimal olsa da, bu risk kanser tipine ve hastalik evresine gire tespit edilmelidir. Ayrica, ovaryan doku transplantasyonunun etkinligi, ovaryan folikiiler kaybin
azaltilmasindaki bagart orant ile ortaya konabilecektir. Bu amagla ¢ok sayida deney, transplante over graftinda iskemik hasart azaltmaya ve insan over dokusunun kriyoprezervasyonunda

Slow freezing’ ve “itrifikasyon’ yontemlerinin karsilastirilarak en iyi yontem/protokolii belirlemeye calismaktadir. ( Sakarya Tip Dergisi 2019, 9(1):1-10 ).
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Introduction
Surgical, medical, and technological developments in can-
cer therapies have led to improvements in quality of life
and survival rates; however, preservation and maintenance
of fertility are also of great importance. Women of repro-
ductive age are at risk for a wide variety of cancer types,
with breast cancer being the most frequent. Furthermore,
4,000 girls are exposed to chemotherapy (CT) and/or ra-
diotherapy (RT) every year, which may potentially cause
sterility. Over the last few decades, cancer therapy during
childhood and adolescence has greatly improved survival
rates. Whereas the 5-year survival rate has increased from
56% to 64% among adult women, it has increased from

56% to 75% among children.'?

Factors playing a role in the preservation of fertility are
related to age at the time of diagnosis, type, location, and
severity of cancer, and also treatment protocols received
by the patient. Cancer treatment today consists mainly
of conservative surgery, CT, and RT. Using these current
treatment modalities in some cancer types, such as breast
cancer, cure rates have exceeded 90%. However, there are
very few effective clinical methods to preserve female fer-
tility following aggressive CT and RT protocols. The ad-
verse effects of chemotherapeutic agents or radiation on
ovarian function are generally progressive, and mostly
irreversible, leading to permanent amenorrhea and infer-

tility.

Importantly, these group of patients at risk of losing re-
productive function may retain their fertility potential via
ovarian tissue cryopreservation. Despite its advantages,
this fertility preservation method for women is considered
experimental due to 1) a possible decrease in the ovarian
follicular pool as a result of cryopreservation and thaw-
ing procedures (although this has been minimised by
improved methods), or by ischemic damage occurring in
the graft during ovarian transplantation; and 2) the risk of
minimal residual disease for cancer patients which can be

defined as reintroducing pre-existing cancer cells in ovari-

an tissue before cryopreservation.

Although many cancer types do not always metastasise to
the ovary, some cancers, such as leukaemia, may confer
a high risk due to their systemic nature. Neuroblastoma,
breast cancer, and also cancers of gastrointestinal origin
may also carry a risk for micrometastasis to the ovary.
Histological evaluation of multiple ovarian tissue samples
should be performed to minimise this risk before cryopres-
ervation. Moreover, in leukaemia and lymphoma patients,
cancer cells should be screened for tumour markers (i.e. b2
microglobulin, LDH, uric acid), and immunohistochem-
ical or other molecular analysis methods should be per-
formed. In patients who undergo oophorectomy due to a
genetic predisposition towards ovarian cancer due to mu-
tations of tumour suppressor genes such as BRCA-1 and
BRCA-2, implantation of the same tissue confers greater
risk of potential future malignancy. This procedure is also
not recommended in cases of ovarian cancer, because ma-

lignant cells might spread throughout the body again.

Methods For Fertility Preservation
The Ethics Committee of the American Society for Re-
productive Medicine (ASRM) has approved sperm cryo-
preservation in men and assisted reproductive techniques
(ART) in women to achieve embryo cryopreservation.5
Most fertility preservation strategies are still considered to
be at an experimental stage, and do not guarantee full re-
covery of fertility. Current strategies and future treatment

options are shown in Table 1 .2

Cryopreservation and Transplantation
of Ovarian Tissue
In women, cryopreservation of whole/cortical ovarian
tissue before receiving chemo/radiotherapy, and trans-
plantation of thawed ovarian tissue after full recovery is
an effective method for preserving fertility. This method
has advantages for the preservation of both endocrine
function (i.e. regaining ovarian hormonal secretions), and

reproductive function (i.e. preserving the oocyte/follicular
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Table 1. Fertility preservation methods

1. Cryopreservation of embryos

2. Cryopreservation of ovarian tissue of whole ovary for future transplantation

3. Cryopreservation of oocytes for future fertilisation, embryo retrieval, and transfer

maturation

4. Storage of frozen ovarian tissue or primordial follicles isolated from ovarian tissue for in vitro growth and

5. Ovarian transposition before radiotherapy

6. Hormonal prophylaxis with gonadotropin-releasing hormone (GnRH) analogues

7. Pharmacologic prophylaxis with antiapoptotic (sphingosine-1-phosphate) agents

8. Uterine transplantation in patients with uterine agenesis or non-functional uterus

reservoir).

Cryopreservation of ovarian tissue is a particularly prom-
ising method in the preservation of gonadal function dur-
ing the prepubertal period, in that these patients do not
require ovarian stimulation. A partner is not required for
the procedure, and it can be applied without any delay. At
the same time, the cryopreserved ovarian tissue provides a
source of follicles for in vitro maturation (IVM), if neces-
sary. Immature oocytes are smaller than mature ones, and
are also more resistant to freezing and thawing procedures.
Furthermore, during autotransplantation there is no need

for immunosuppressive treatment.

Alkylating agents, such as chlorambucil, cyclophospha-
mide, ifosfamide, mechlorethamine, melphalan, and ion-
ising radiation in particular frequently lead to ovarian
failure. Among paediatric cancers, in particular Hodgkin’s
lymphoma, Wilms tumor, B-cell nonHodgkin lymphoma
(B-NHL), which are treated with RT or alkylating agents,
ovarian cryopreservation can be regarded as a suitable al-

ternative treatment.®”

After accumulating sufficient experience in experimental
ovarian autograft studies in animals, the same technique is
now being applied in humans.® However, due to technical
and ethical issues [Fig. 1], this treatment is still considered
experimental in humans, although there is a wide range of

indications for ovarian tissue cryopreservation, as shown

in Table 2.

Minimal
Residuel Disease
is a Risk for
Reintroducing
Cancer Cells

Follicular Pool
may Decrease
During
Cryo,/Thawing
Procedure due
to follicular

CHALLANGES!!!

Autotransplantation of
Cryopreserved/Thawed loss
Ovarian Tissue

Fully Recovery
of Patient is
Mandatory for
Application of
this method

Ischemic
Damage Can
Occur During
Transplantation

Figure 1. Challenges for cryopreservation and transplanta-

tion of ovarian tissue

Ovarian Follicular Pool and Cryopreservation Proce-
dures (Slow Freezing versus Vitrification)
First of all, a possible decrease in the ovarian follicular pool
as a result of cryopreservation and thawing procedures is
the first challenge of autograft applications. In the last dec-
ades, researchers are intensively trying to determine the
best method of human ovarian cryopreservation by com-
paring the two methods, ‘slow freezing’ and ‘vitrification.
Currently, the most common methods for the evaluation
of cryopreserved ovarian tissue in terms of its function-
ality are as follows; investigation of histomorphological
changes, apoptotic gene expressions and immunohisto-
chemical localization of protein markers for proliferation
and apoptosis. However, these end-points do not reflect

true ovarian function. The gold standard for the success of
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Table 2. Indications for ovarian tissue cryopreservation

Cancer in children

Hodgkin’s and non-Hodgkin’s lymphoma

Leukaemia

Ewing’s sarcoma

Wilms’ tumour

Neuroblastoma

Pelvic osteosarcoma

Genital rhabdomyosarcoma

Breast cancer

Infiltrative ductal histological subtype

Infiltrative lobular

Stage I-III

Stage IV

Cervical cancer

Squamous cell carcinoma

Adeno/adenosquamous carcinoma

Autoimmune and haematological diseases

Systemic lupus erythematosus

Behget’s disease

Steroid resistant glomerulonephritis

Inflammatory bowel disease

Pemphigus vulgaris

Rheumatoid arthritis

Progressive systemic sclerosis

Juvenile idiopathic arthritis

Multiple sclerosis

Autoimmune thrombocytopenia

Aplastic anaemia

Sickle cell disease

Benign ovarian disease

Endometriosis

Benign ovarian lesions requiring repeated surgeries

Patients receiving pelvic radiation

Ewing’s sarcoma

Osteosarcoma

Tumours of the spinal cord

Retroperitoneal sarcoma

Rectal cancer

Benign bone tumours

Prophylactic oophorectomy

BRCA-I-positive patients

BRCA-II-positive patients

Hematopoietic stem cell transplantation

Malignant diseases

Genetic, haematological, and autoimmune disorders
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a fertility preservation method is live birth, which can take

several years to achieve.”'

The results of previous studies comparing the two methods
are controversial due to various protocols employed for
cryopreservation. But apparently, slow freezing and vitri-
fication of human ovarian tissue result in similar morpho-
logical integrity, estradiol release, follicular proliferation

and apoptosis rate, in vitro."

Zhou et al. in 2016 showed that vitrification and slow
freezing techniques result in equivalent numbers of intact
primordial follicles.’> Herraiz et al. demonstrated that vit-
rification of bovine ovary using ethylene glycol (EG), di-
methyl sulfoxide (DMSO), sucrose, and synthetic serum
substitute offers higher follicular density, proliferation,
and viability, lower cell death and, could preserve a larger
population of quiescent follicles than slow freezing or oth-

er vitrification protocols."

Moreover, Luyckx et al. have reported that transplanta-
tion of human cryopreserved prepubertal ovarian tissue
to mice demonstrated that a very high number of follicles
survive after transplantation and a large pool of primordi-
al follicles remains dormant. In addition, growing follicles
were observed, proving the responsiveness of prepubertal

ovarian tissue to gonadotropins.*

Actually, the two methods have their own advantages and
disadvantages. Slow freezing, which is known as equilib-
rium freezing, requires low concentration of cryoprotect-
ants which is less toxic, but may be insufficient for avoiding
ice crystal formation within the cells. It is more time con-
suming and requires an expensive programmable freezing
machine, Vitrification is now regarded as a potential al-
ternative to the conventional slow freezing method. This
method is a non-equilibrium ultra-rapid method of cryo-
preservation with extremely fast rates of cooling where by
embryo/ovarian tissue is transitioned from 37°C to -196°C

(in liquid nitrogen) in <1 minute. It has the advantage of

preventing ice crystal formation by a short exposure to
high concentrations of cryoprotectants with low water
content and eliminating the use of expensive equipments.
The main drawback is exposure of the tissue to a high
concentration of cryoprotectants which may have a det-
rimental effect. This can be minimized by allowing a very
short exposure i.e. 30-40 seconds, combining several cryo-
protectants and using a less toxic cryoprotectant. Some of
the commonly used cryoprotectants are DMSO, glycerol,

ethylene glycol, propanediol, and sugars.'

Loss of Follicle due to Post-transplantation Ischemia
The second main challenge for autograft applications is the
post-transplantation ischemia which reduces the lifespan
of a graft, and causes massive loss of follicles in the early
stages after transplantation. In fact, ischemia is much more
detrimental to ovarian tissue than freezing/thawing inju-

ries.'®

Although ovarian tissue is well endowed with angiogen-
ic factors, the process of angiogenesis requires more than
48 h to revascularise a cortical slice; thus, ovarian grafts
are subject to hypoxia, which leads to follicular loss. The
survival rate of primordial follicles after transplantation
ranges from 5% to 50%. Though the ovary becomes revas-
cularised within 48 h after transplantation in rodents, re-
vascularisation may occur more slowly in human ovarian
grafts, as they are inherently more fibrous, with a reduced
follicle density."” In this context, one of the most impor-
tant questions to be resolved for successful ovarian trans-
plantation is how to minimise ischemic injuries before and
during the establishment of angiogenesis in ovarian grafts.
Because ovarian reserve correlates with the number of
follicles in the ovary, the significant follicular loss caused
by ischemia after transplantation can directly affect ovar-
ian reserve and subsequent longevity of ovarian function.
Thus, the degree of success in minimising follicular loss
will determine the efficacy of ovarian tissue transplanta-

tion. In recent years, many experiments have aimed to
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reduce ischemic damage in transplanted ovaries. For in-
stance, Nugent et al. reported that antioxidant treatment
using vitamin E improved the survival of follicles in ovari-

an grafts by reducing ischemic injury."®

In this context, we have an ongoing research project inves-
tigating whether catestatin, a novel proangiogenic agent re-
duces ischemic tissue damage and protects cryopreserved/
thawed ovarian tissue grafts in rats against apoptosis and
follicular loss. Vitrification was used as the cryopreserva-
tion method, and whole ovarian autotransplantation to the
back muscle was performed. Our preliminary data shows
that both freeze/thaw and transplantation cause a signif-
icant loss of follicular pool and that much more primor-
dial and primary follicles degenerate from ischemia and
reperfusion than from freezing/thawing injury (Figure 2;
A-D) (Project number: TSA-2016-1830, Akdeniz Univer-
sity BAP Research Project Commision, Project title: The
investigation of the effects of cryopreservation and auto-
transplantation of rat ovarian tissue on the expression of
angiogenic factors and mast cells and the effect of catesta-

tin application on these values.)

Moreover, recent investigations also suggest that micro-
vascular transplantation of cryopreserved whole ovaries
may allow immediate revascularisation, ensuring better

fertility preservation.

Reimplantation of the Primary Tumour
One of the most important concerns with ovarian tissue
cryopreservation is the possibility of re-seeding a tumour.
Theoretically, ovarian tissue may carry micro-metastases
that could “re-infect” a patient who had been previously

cured of her cancer.

Ovarian transplantation might be particularly risky in
blood-born malignancies, such as leukaemia, in which
cancer cells are already in the blood, and therefore pre-
sumably within the cryopreserved ovarian tissue. Shaw
et al. showed that fresh and cryopreserved ovarian tissue
samples taken from donors with lymphoma transmitted

the cancer into previously healthy graft recipients.”

Ideally, ovarian tissue cryopreservation should be per-
formed in patients with a low risk of cancer metastasis to

ovaries. Most of the malignancies encountered in the re-

Fig 2. (A-D) Histologic illustrations of ovarian tissue from wistar rats (4-6 weeks’ of age)

(H&E)

(A) Control group. Normal ovarian histological appearance
with a large pool of primordial follicles, besides intact pri-
mary and secondary follicles are seen (x100).

: "i

(B) Frozen-thawed ovarian tissue. Diminished pool of pri-
mordial follicles, besides degenerated primary and second-
ary follicles are observed (x100).
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(C) Fresh ovarian tissue after grafting. A few intact primor-
dial and growing follicles besides many atrophic follicles
were observed (x100).

productive years do not metastasise to the ovaries. The risk
of ovarian metastasis according to cancer type is shown in
Table 3.

As summarised by Sénmezer and Oktay, the cancers with
high risk of ovarian involvement are leukaemia, Burkitt’s
lymphoma, neuroblastoma, and genital rhabdomyosarco-
ma.”*> Patients with high-risk cancers should not be given
the option of ovarian autotransplantation, or ovarian tis-
sue harvest should be performed after the first round of
CT to ablate any neoplastic cells residing within the ova-
ry?* However, this method of application carries a risk of

diminishing the ovarian reserve with each cycle of CT.

To eliminate reimplantation of the primary tumour, alter-
native techniques, such as IVM of primordial follicles or
ovarian tissue xenografting, can be applied in patients with
a high risk of minimal residual disease.”®** Regardless of
the risk of the cancer involved, a histological assessment
for micrometastases must be made on portions of the
removed ovarian tissue before cryopreservation to avoid

transplanting tissue that contains cancer.?’

Currently, there is no guarantee that ovarian tissue trans-
plantation in a woman in whom the tissue was collected at

the time of active cancer disease can be regarded as 100%

(D) Frozen-thawed and grafted ovarian tissue. Many atroph-
ic follicles and degenerated primary follicles, besides a few
intact primordial follicles are seen. Dystrophic calsification

and necrosis can also be noticed (x100).

disease-free and safe. Confidential and simple methods
to detect whether the ovarian tissue to be transplanted
harbours cancer cells are urgently needed and further re-

search is required.

The most frequently used in vitro methods to detect malig-
nant cell contamination in ovarian tissue that are available
for individual patients include; histology, immunohisto-
chemistry, and detecting molecular markers using reverse
transcription/quantitative polymerase chain reaction (RT/
QPCR). Although each of these methods has its individual
strengths and weaknesses, none of them is perfectly suit-
ed to detect malignant cells. Histology has been validated
for many years, and the use of immunohistochemistry is
also prevalent. However, both methods are relatively in-
sensitive. Immunohistochemistry is also prone to both
false-negative and false-positive results.” Molecular mark-
ers are highly sensitive, but detecting genetic material
from nonviable malignant cells that do not survive may
also occur.” Furthermore, most tumours do not display

any detectable molecular markers.

Importantly, patients should be fully aware that pieces of
tissue used for grafting cannot be fully checked for con-
tamination with residual disease, and that safety cannot

be 100% guaranteed. On the other hand, if residual ma-
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Table 3. The risk of ovarian metastasis.

Low risk Moderate risk High risk
Squgmous cell carcinoma of the Breast cancer Stage IV Leukemia
cervix
. Infiltrative o
Ewing’s sarcoma w lobular Burkitt’s lymphoma
Breast cancer Stage [-1II Colon cancer (including tumors of Neuroblastoma

rectum and appendix)

Infiltrative ductal

the cervix

Adeno/adenosquamous carcinoma of

Genital rhabdomyosarcoma

Wilms” tumor .
nancies

Upper gastrointestinal system malig-

Non-Hodgkin’s lymphoma

Hodgkin’s lymphoma

Osteogenic sarcoma

Non-genital rhabdomyosarcoma

lignant cells have been localised to ovarian tissue, ovarian
tissue transplantation should obviously not be performed.
Generally, a cancer patient is considered disease-free after
treatment, which may imply that malignant cells are not
completely absent from the patient but only present at sub-
clinical levels. However, the actual number of malignant
cells is unknown. The question is therefore: how many ma-
lignant cells are necessary to cause a relapse? Again, the
answer is unknown in humans for most cancers, but stud-
ies in rats have shown that just a few malignant leukemic

cells are sufficient to cause a relapse ***!

The number of malignant cells introduced back into the
patient is dependent on the number of ovarian tissues
transplanted. The number of autotransplanted tissues may
vary from three fragments to more than ten, and this will
clearly impact the number of malignant cells potential-
ly transplanted. However, the number of cells needed to
cause relapse in connection with ovarian tissue transplan-

tation in humans is completely unknown.

Finally, the contributions of cancer stem cells (CSCs) to
cancer progression should also be emphasised here. These
cells, which were first identified in leukaemia, are a pop-
ulation of stem-like cells. They have been reported to
possess the abilities of self-renewal, invasion, metastasis,
and engraftment of distant tissues. The CSC hypothesis at-
tempts to explain tumour cell heterogeneity based on the
existence of stem cell-like cells within solid tumours. In
fact, the elimination of CSCs is challenging for most hu-
man cancer types due to their heightened genetic instabil-
ity and increased drug resistance.* In this context, the de-
tection of CSCs in an ovarian graft is of great importance,

and requires further investigation.

Orthotopic and/or Heterotopic
Transplantation of Ovarian Tissue
The most frequently applied method for cryopreservation
and transplantation of ovarian tissue is reimplantation of
small frozen cortical sections of ovary retrieved from the
patient before initiation of cancer therapy. After treatment

is terminated and remission achieved, those frozen tissue
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specimens are thawed, and subjected to orthotopic and/or
heterotopic autotransplantation.’ In orthotopic transplan-
tation of ovarian tissue, after tissue sections are thawed,
they are placed in their proper anatomical place in the
ipsilateral or contralateral ovary or immediately beneath
this area. Thus, this procedure enables natural fertilisation,
but on the other hand, it requires abdominal surgery and
general anaesthesia. A laparoscopic approach, which is less

invasive, is an alternative to abdominal surgery.

Ovarian stimulation in female patients after orthotopic
autotransplantation of frozen/thawed ovarian cortical tis-

% Donnez et al.

sue has successfully achieved ovulation.
published the first case of successful pregnancy and live
birth in a patient with a previous history of CT and RT for
lymphoma treatment who had undergone autotransplan-
tation with frozen/thawed ovarian tissue.® Meirow et al.
also performed in vitro fertilisation and reported the first
case of live birth following orthotopic autotransplantation
of frozen ovarian tissue in a patient who had developed

premature ovarian failure after CT.

In heterotopic autotransplantation of ovarian tissue, the
graft is implanted in subcutaneous tissue of the forearm or
abdominal wall. The advantage of heterotopic autotrans-
plantation is that the surgery is less invasive. Furthermore,
it does not require general anaesthesia and the surgical
wound heals rapidly. However, it is difficult to monitor
follicular maturation, and there is no chance of spontane-
ous pregnancy. Restoration of ovarian function has been
reported an average of 2 years following implantation of
heterotopic autografts to subcutaneous tissue covering
the brachioradial fascia of the forearm. Researchers have
even percutaneously aspirated oocytes in a patient.9 Since
the first birth in 2004, more than 20 healthy children have
been born worldwide to women who underwent auto-

transplantation of frozen/thawed ovarian cortex.**%’

Conclusions
As techniques improve and clinical indications expand,
ovarian tissue cryopreservation offers the ability to protect
and extend reproductive capacity. Other clinical options
for women and girls who face a high likelihood of dimin-
ished or absent ovarian reserve resulting from obligatory
disease treatments may be limited or non-existent. How-
ever, before cryopreservation of ovarian tissue becomes as
a practice, well-standardised and improved methods are
required for all stages of the procedure, from the freeze/
thaw process to transplantation. The development of strict
evaluation criteria regarding the risk of reintroducing ma-
lignant cells via transplantation of ovarian grafts is also
mandatory. The emerging role of CSCs in ovarian grafts
should also be investigated further in different types of

cancer.

Finally, when seeking patient consent for ovarian tissue
cryopreservation, a thorough discussion must ensue re-
garding the fate of the tissue and the inherent procedural
risks to the health of the patient. Moreover, clinicians must
consider that many patients might not fully recover from
their illness, and may experience a chronic course of the
disease. Therefore, every patient should be carefully as-

sessed individually.
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